Lateral epicondylitis is a common disorder characterized by pain and tenderness over the lateral epicondyle. It occurs most frequently as a result of minor, unrecognized trauma during sports activities and occupation-related physical activities. The goal of this study was to evaluate the short-, medium-, and long-term effects of corticosteroid injection, autologous blood injection, and extracorporeal shock wave therapy in the treatment of lateral epicondylitis.
Sixty patients (32 women, 28 men) with lateral epicondylitis were randomly divided into 3 groups: group 1 received a corticosteroid injection; group 2, an autologous blood injection, and group 3, extracorporeal shock wave therapy. Thomsen provocative testing, upper extremity functional scores, and maximal grip strength were used for evaluation. Outcomes were assessed at 4, 12, 26, and 52 weeks. Corticosteroid injection gave significantly better results for all outcome measures at 4 weeks; success rates in the 3 groups were 90%, 16.6%, and 42.1%, respectively. Autologous blood injection and extracorporeal shock wave therapy gave significantly better Thomsen provocative test results and upper extremity functional scores at 52 weeks; the success rate of corticosteroid injection was 50%, which was significantly lower than the success rates for autologous blood injection (83.3%) and extracorporeal shock wave therapy (89.9%). Corticosteroid injection provided a high success rate in the short term. However, autologous blood injection and extracorporeal shock wave therapy gave better long-term results, especially considering the high recurrence rate with corticosteroid injection. We suggest that the treatment of choice for lateral epicondylitis be autologous blood injection.
Lateral epicondylitis is a common disorder and the most common diagnosis in patients reporting elbow pain. 1 It occurs annually in 4 adults per 1000, particularly in those aged 35 to 54 years. 2 The most commonly encountered symptom is lateral elbow pain, which increases with grasp and dorsiflexion of the wrist against resistance. This disorder was first recognized more than 100 years ago and is thought to result from degeneration of the common extensor tendon origin.
Overload may be important in the etiology of lateral epicondylitis. It occurs most frequently as a result of minor, unrecognized trauma in young patients during sports activities and in older patients during occupation-related physical activities. 3, 4 Age, sex, leisure-and occupation-based physical activities, and psychosocial factors are considered to be risk factors. [5] [6] [7] [8] A typical episode of lateral epicondylitis lasts an average of 6 to 24 months. 3, 9 Conservative treatment is successful in most patients. Conservative options include nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroid injection, rest, physical therapy, a lateral epicondylitis brace, laser therapy, autologous blood, bone marrow plasma, buffered platelet-rich plasma injection, and extracorporeal shock wave therapy. Surgical treatment is reserved for patients with a long-lasting condition that has not responded to conservative treatments. Surgical treatment consists of open, percutaneous, or arthroscopic debridement of the pathological area, close to the epicondylar region. Long-term results are reported to be good or excellent. 10 The purpose of this study was to compare the short-, medium-, and long-term results of conservative modalities, particularly corticosteroid injection, extracorporeal shock wave therapy, and autologous blood injection, in the treatment of lateral epicondylitis.
Materials and Methods
Sixty patients (32 women, 28 men) diagnosed with lateral epicondylitis and matching the inclusion criteria (Table 1) were included in the study. Mean patient age was 45.6 years (range, 20-64 years). This study was approved by the Izzet Baysal Medical Faculty Ethics Committee. The patients were randomly divided into 3 groups of 20 patients each: group 1 received a corticosteroid injection; group 2, an autologous blood injection; and group 3, extracorporeal shock wave therapy. Thomsen provocative test results, upper extremity functional scores, and maximal grip strength were used for evaluation, with assessment at 4, 12, 26, and 52 weeks.
The activities related to the upper extremity functional scale were used to evaluate each patient's function (Table  2) . 11 The Thomsen provocation test was performed with the shoulder flexed at 60°, the elbow extended, the forearm pronated, and the wrist extended to 30°. Pressure was applied on the dorsum of the hand. The test was performed 3 times, with the patient recording the pain on a 100-mm visual analog scale (VAS). The mean of the 3 measurements was recorded. At follow-up, a 50% decrease in the Thomsen test VAS value was considered a successful result. Maximum grip strength was measured with a hydraulic hand dynamometer (Baseline, White Plains, New York). The measurement was repeated 3 times, and the mean of the 3 measurements was recorded.
The patients in group 1 received a local anesthetic injection (prilocaine 1 mL) to the skin and subcutaneous tissues, followed by methylprednisolone acetate (1 mL) injection with 5 skin penetrations at the tender part of the tendon, using 1 skin portal according to the technique of Mishra and Pavelko. 12 For the autologous blood injection, blood was taken from the contralateral antecubital fossa of the patients in group 2 and gently shaken to prevent clotting. Prilocaine (1 mL) was used for local anesthesia of the cutaneous and subcutaneous tissues, and the autologous blood (2 mL) was injected with a 22-gauge needle at the most painful part of the lateral epicondyle, using the technique described for group 1. In Group 3, the most tender point at the patient's elbow was determined by palpation, and prilocaine (1 mL) was applied for local anesthesia of the cutaneous and subcutaneous tissues. Ultrasound coupling gel was applied to the skin at the point of contact with the shock wave tube (Stonelith V5 lithotriptor; PCK Electronic Industry & Trade Co, Ankara, Turkey). Active treatment consisted of 1 treatment with 2000 impulses at 0.17 mJ/mm 2 once a week for 3 weeks. Patients were closely monitored for vital signs, local pain, and possible side effects.
In group 1, two patients whose pain did not improve significantly received a second dose of corticosteroid at 6 weeks. We applied a second corticosteroid or autologous blood injection to patients who had a decrease in the Thomsen test VAS value <50%. In group 2, fourteen patients received a second dose of autologous blood at 6 weeks. Thomsen test VAS values at 6 weeks for the corticosteroid injection and autologous blood injection groups are summarized in Tables 3 and 4 .
Statistical Analyses
Statistical analyses were performed with the Statistical Package for the Social Sciences (SPSS 11.0; SPSS, Inc, Chicago, Illinois). The Kruskal-Wallis test, a nonparametric method, was used to compare the functional score, Thomsen test result, and grip strength among the 3 groups. The Mann-Whitney U test was used to compare these parameters between groups. P values <.05 were deemed to indicate statistical significance.
Results
Sixty patients who were diagnosed with lateral epicondylitis and matched the related criteria were included in this study. The demographic and clinical characteristics of the 3 groups are shown in Table 5 . The patients were divided randomly into 3 groups of 20 patients each. Two patients in group 2 were excluded because they discontinued the follow-up examinations, and 1 patient in group 3 was excluded after being involved in a traffic accident. Thus, a total of 57 patients were examined periodically. The Thomsen provocative test results, upper extremity functional scores, and maximal grip strengths at baseline and at 4, 12, 26, and 52 weeks are summarized in Table 6 .
Function Score
At the 4-week follow-up, the corticosteroid injection group showed a significantly greater mean improvement in the functional score (28.2, from 46.6 to 18.4; 60.5%) compared with the autologous blood injection group (13.4, from 47.2 to 33.8; 28.3%) and the extracorporeal shock wave therapy group (19.9, from 49.9 to 30; 39.8%) (P<.001 for each). No statistically significant difference was found between the autologous blood injection and extracorporeal shock wave therapy groups (P>.05).
At 12-week follow-up, the mean improvement in the functional score was not significantly different (P>.05) between groups: corticosteroid injection group, 26 (from 46.6 to 20.6; 55.7%); autologous blood injection group, 27.7 (from 47.2 to 19.5; 58.6%); and extracorporeal shock wave therapy group, 31.8 (from 49.9 to 18.1; 63.7%). The functional scores were almost the same at 12 and 4 weeks in the corticosteroid injection group.
At 26-week evaluation, the functional score had increased in the corticosteroid injection group, showing a mean improvement of 19.5 (from 46.6 to 27.1; 41.8%), compared with mean improvements of 26.5 (from 47.2 to 20.7; 56.1%) in the autologous blood injection group and 30.7 (from 49.9 to 19.2; 61.5%) in the extracorporeal shock wave therapy group. Improvement in the corticosteroid injection group was significantly lower than that in the extracorporeal shock wave therapy group (P=.001) and in the autologous blood injection group (P<.05). No statistically significant difference was found between the autologous blood injection and extracorporeal shock wave therapy groups (P>.05).
At 52-week follow-up, the functional score remained high in the corticosteroid injection group. The mean improvement in the corticosteroid injection group was 19.1 (from 46.6 to 27.5; 40.9%), 28.6 (from 47.2 to 18.6; 60.5%) in the autologous blood injection group, and 30.4 (from 49.9 to 19.5; 60.9%) in the extracorporeal shock wave therapy group. Improvement in the corticosteroid injection group was significantly less than that in the autologous blood injection group and in the extracorporeal shock wave therapy group (P<.001 for each). There was no significant difference between the autologous blood injection group and the extracorporeal shock wave therapy group (P>.05).
Thomsen Provocation Test
At 4-week follow-up, the mean improvement in the Thomsen test result was significantly greater in the corticosteroid injection group (58.5, from 77 to 18.5; 75.9%) than that in the autologous blood injection group (24.5, from 75 to 50.5; 32.6%) and in the extracorporeal shock wave therapy group (33.6, from 77.8 to 44.2; 43.1%) (P<.001 for each). The improvement was not significantly different between the autologous blood injection group and the extracorporeal shock wave therapy group (P>.05).
At 12-week follow-up, the mean improvement was 46.5 (from 77 to 30.5; 60.3%) in the corticosteroid injection group, 49.5 (from 75 to 25.5; 66%) in the autologous blood injection group, and 55.2 (from 77.8 to 22.6; 70.9%) in the extracorporeal shock wave therapy group, with no statistically significant differences between the groups (P>.05).
At 26-week follow-up, the mean improvement in the Thomsen test result was 33.5 (from 77 to 43.5; 43.5%) in the corticosteroid injection group, which was significantly less than the improvement in the autologous blood injection group (50.6, from 75 to 24.4; 67.4%; P<.001) and in the extracorporeal shock wave therapy group (55.7, from 77.8 to 22.1; 71.5%; P<.001). There was no statistically significant difference between the autologous blood injection and extracorporeal shock wave therapy groups (P>.05).
At 52-week follow-up, the mean improvement in the corticosteroid injection group (34.5, from 77 to 42.5; 44.8%) was again significantly less than that in the autologous blood injection group (51.7, from 75 to 23.3; 68.9%) and in the extracorporeal shock wave therapy group (56.8, from 77.8 to 21; 73%) (P<.001 for each). There was no statistically significant difference between the autologous blood injection and extracorporeal shock wave therapy groups (P>.05).
Grip Strength
At 4-week follow-up, the mean improvement in grip strength was 10.05 (from 30.4 to 40.9; 33.05%) in the corticosteroid injection group, whereas it was only 2.4 (from 31.2 to 33.6; 7.69%) in the autologous blood injection group and 3.3 (from 29.9 to 33.2; 11.03%) in the extracorporeal shock wave therapy group. The improvement in the corticosteroid injection group was significantly greater than that in the autologous blood injection group (P<.05) and in the extracorporeal shock wave therapy group (P<.05).
At 12-week follow-up, the mean improvement in grip strength was 8.8 (from 30.4 to 39.2; 28.9%) in the corticosteroid injection group, 6.8 (from 31.2 to 38; 21.7%) in the autologous blood injection group, and 7 (from 29.9 to 36.9; 23.4%) in the extracorporeal shock wave therapy group. No statistically significant difference was found among the groups at 12 weeks (P>.05).
At 26-week follow-up, the mean improvement in grip strength was 3.7 (from 30.4 to 34.1; 12.1%) in the corticosteroid injection group, 6.3 (from 31.2 to 37.5; 20.1%) in the autologous blood injection group, and 7.3 (from 29.9 to 37.2; 24.4%) in the extracorporeal shock wave therapy group. The difference between the corticosteroid injection and extracorporeal shock wave therapy groups was statistically significant (P<.05), but the differences between the corticosteroid injection and autologous blood injection groups and between the extracorporeal shock wave therapy and autologous blood injection groups were not (P>.05 for each).
At 52-week follow-up, the mean improvement in grip strength in the corticosteroid injection group was 3.4 (from 30.4 to 33.8; 11.1%), significantly less than that in the extracorporeal shock wave therapy group at 9.7 (from 29.9 to 39.6; 32.4%; P<.05), and not significantly different from that in the autologous blood injection group at 6.1 (from 31.2 to 37.3; 19.5%). No statistically significant differences were noted between the corticosteroid injection and autologous blood injection groups and the extracorporeal shock wave therapy and blood injection groups (P>.05 for each).
Adverse Effects
All patients in all groups reported temporary pain after the treatment, and acetaminophen was prescribed to treat pain in all patients for 24 to 48 hours. In 15 (75%) of the patients in group 1, pain caused by the injection subsided within 2 days; in the other 5 patients (25%), the mean duration of pain was 5±2 days. Discoloration at the injection site was detected in 1 patient (5%). In group 2, pain after the first injection disappeared within 2 days in 16 patients (88.8%) and lasted for 4 and 6 days in 2 patients (11.1%), respectively. After the second injection, only 1 patient (5.5%) had pain for >2 days; the pain lasted for 4 days. In all of the patients in group 3, pain disappeared within 2 days. Four patients (21%) experienced nausea, 4 (21%) had erythema at the elbow, 3 (15.7%) had swelling at the elbow, and 1 (5.2%) showed tremor in the arm.
Discussion
The etiology and pathophysiology of lateral epicondylitis is not completely understood, but is thought to be multifactorial, including effects of aging and chemical, vascular, hormonal, and hereditary factors. 13 Lateral epicondylitis is reported to result from degeneration of the common extensor tendon origin; it is not an inflammatory process, and thus is called angiofibroblastic degeneration or tendinosis, instead of tendinitis. 14 Corticosteroid injection is often used in the treatment of lateral epicondylitis. Although the effects of corticosteroid injection are not fully known, they are thought to be related to the hemorrhage resulting from the high-pressure, forced injection in the tissue planes. 15 Corticosteroids have various effects on cells, and presumably their ability to limit intracellular activity by reducing the nuclear-cytoplasmic communication pathways influences the degenerative and reparative components of this condition. 16 Many different results have been reported with corticosteroid injection. Some studies have described a high success rate in the short term with corticosteroid injection. [17] [18] [19] [20] In these studies, corticosteroid injection was compared with NSAIDs, physical therapy, elbow band, splintage, and wait-and-see approaches; the early results were successful with corticosteroid injection. [20] [21] [22] [23] In our study, we also observed a significantly higher short-term success rate with corticosteroid injection compared with autologous blood injection and extracorporeal shock wave therapy. The numbers of patients who showed 50% progress in the Thomsen test were 18 of 20 (90%), 3 of 20 (16.6%), and 8 of 19 (42.1%) in the corticosteroid injection, autologous blood injection, and extracorporeal shock wave therapy groups, respectively; the functional score results were 60.5%, 28.3%, and 39.8%, respectively.
The long-term efficacy of corticosteroid injection and its better medium-and long-term results relative to other conservative treatment methods have not been shown. Evaluations of medium-and long-term results revealed that corticosteroid injection was not superior to other treatment modalities and may even have had a poorer success rate. [20] [21] [22] [23] In long-term follow-up of corticosteroid injection treatment, high recurrence rates have been reported. This may be related to a tendinous injury caused by the injection or to overloading of the elbow by the patient, because of the pain relief following the injection. 20 In our study, at 52 weeks, the success rate of corticosteroid injection was 50%, which was significantly lower than the rates of the other treatment modalities (83.3% and 89.9%). The higher rate of manual workers in the corticosteroid injection group (n=7; 35%) compared with the other 2 groups may also have been part of the reason for the high recurrence and low success rates. The average duration of lateral epicondylitis is reported to be between 6 and 24 months.
3,9 However, we suggest that occupational activities affect the duration, and that in manual workers, the duration may be longer and the recurrence rate may be higher.
The mechanism of action of autologous blood injection remains unclear. Some chemical modifiers of cell activity present in blood are known to be mitomorphogenic. [24] [25] [26] The autologous blood injection may provide cellular and humoral mediators needed to stimulate the healing cascade. In particular, transforming growth factor-β and basic fibroblast factor act as humoral mediators to induce the healing cascade. 24 This method is minimally traumatic, has a low risk for immune-mediated reactions, and is simple to prepare. 27 In the short term (4 weeks), with autologous blood injection, a decrease of 32.6%, from 75 to 50.5, was observed in the Thomsen test VAS score, and 3 of 18 patients (16.6%) had a 50% decrease. No significant decrease was obtained in 14 of 18 patients (77.7%), and a second injection was performed. After the second injection, the medium-term (12 weeks) success rate was 13 of 18 patients (72.2%), and the success rate was 15 of 18 patients (83.3%) at last follow-up.
When ultrasound-guided autologous blood injection was performed by Connell et al, 28 the VAS score at 4 weeks had decreased from 9 to 6 (27%), which is similar to our short-term results. The 26 patients (74.2%) who did not show a significant improvement after the first injection received a second injection, and according to the results, success was achieved with repetitive injections in patients who had not benefited sufficiently from the first injection.
In lateral epicondylitis treatment, 8 weeks may be required to obtain maximum benefit after the first injection; however, this period may be reduced for repetitive injections, owing to the cumulative effect of the autologous blood. 27, 28 In our study, the success rate of 72.2% at 12 weeks supports this. Connell et al 28 reported a success rate of 91.4% at last follow-up. In our study, this rate was 83.3%. However, differences exist between the 2 studies. Connell et al 28 used ultrasound to choose the injection site, whereas we used palpation to find the most tender point for application of the multiple penetrations and injections. A penetration procedure was used after local anesthetic injection in both studies, but Connell et al 28 applied penetration for 1 minute, whereas we performed only 5 penetrations, using the technique of Mishra and Pavelko. 12 The follow-up period was 6 months in the previous study. Our success rate after 1 year was similar to that at 6 months, indicating that the autologous blood injection technique was effective over the long term. Our lower success rates at 6 and 12 months compared with those in the previous study may be attributable to differences in penetration techniques and better focusing with the use of ultrasound.
Edwards and Calandruccio
27 reported a 78.6% success rate at 9.5-month follow-up in their study of autologous blood injection. In contrast to our study, this study used a combination of autologous blood and local anesthetic injected below the extensor carpi radialis, avoiding multiple penetrations. Dry needling generates new channels and hemorrhage in the degenerative mixoid tissue, and the mechanical disruption may initiate a healing response in the tendon.
27,29, 30 Altay et al 31 compared corticosteroid and local anesthetic injections. In both groups, they used peppering techniques. When they compared the results after 1 year, they found no significant differences between the 2 groups, with success rates of 93% and 95%, respectively, and reported that the peppering technique was a reliable treatment method. In the literature, there are 2 previous studies concerning autologous blood injection. Connell et al 28 applied penetration for 1 minute in their study, and Edwards and Calandruccio 27 did not use penetrations. We applied 5 penetrations at the most tender point on the tendon, and an evaluation of the long-term results revealed success rates of 91.4%, 78.6%, and 83.3%, respectively. Taking these results into consideration, we believe that multiple penetrations made a positive contribution to the autologous blood injection results.
Extracorporeal shock wave therapy is used for a wide range of indications in orthopedics and traumatology, including calcific tendonitis, plantar fasciitis, chronic Achilles tendonitis, patellar tendonitis, pseudoarthrosis, myositis ossificans, and avascular necrosis. The mechanism by which extracorporeal shock wave therapy acts is not well understood. According to animal experiments, extracorporeal shock wave therapy stimulates the formation of angiogenic markers and neovessels, and may decrease calcitonin gene-related peptide expression in dorsal root ganglia. 32, 33 It has been suggested that shock waves can provoke a painful level of stimulation, leading to pain relief or analgesia through hyperstimulation and increased vascularity. [34] [35] [36] Studies have reported various success rates for extracorporeal shock wave therapy in the treatment of lateral epicondylitis. Short-and mid-term results are typically similar. In a study 37 44 reported that 91% of patients had complete or almost complete pain relief after 1 to 2 years. The rate in our study was 89.5% (17 of 19 patients) at the end of 1 year.
Helbig et al 45 showed a correlation between the duration of elbow and heel pain and the success of shock wave therapy: patients with chronic symptoms were more likely to have positive results than those with short-term symptoms. In our study, the mean duration of symptoms was 9.7±2.85 months (range, 6-16 months). This long duration of symptoms might have affected our success rate.
Based on the functional scores, corticosteroid injection was significantly more effective than the other 2 treatments at 4 weeks, whereas no significant difference was found between groups at 12 weeks. At 26 and 52 weeks, a significant decrease was observed in the functional score of the corticosteroid injection group, while the functional improvement observed at 12 weeks continued until the end of the first year in the other 2 groups.
A limitation of the study is the lack of a control group. A typical episode of lateral epicondylitis generally lasts for an average of 6 to 24 months. Although a spontaneous recovery will happen, this is too long for a patient to wait, not only in terms of pain and disability, but also for loss of economic productivity. Treatment with a modality that is safe and has a high success rate will enable patients to return to daily activities quickly.
Conclusion
Treatment with corticosteroid injection provided a high success rate in the short term. However, autologous blood injection and extracorporeal shock wave therapy gave better long-term results, especially considering the high recurrence rate with corticosteroid injection. Compared with extracorporeal shock wave therapy, autologous blood injection has the advantages of lower cost and no requirement for additional equipment, while providing long-term results similar to those with extracorporeal shock wave therapy. We propose that autologous blood injection be the preferred treatment modality for lateral epicondylitis.
